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Aims
This paper deals with solving of a century-old paradox of linear stability for the Hagen-Poiseuille flow. A new mechanism of dissipative hydrodynamic instability has been established herein, and a basis for the forming of helical structural organization of bloodstream and respective energy effectiveness of the cardiovascular system functioning has been defined by the authors.
Materials and methods
Theory of hydrodynamic instability, Galerkin's approximation.
Results

A new condition Re > Re th min ≈ 124 of linear (exponential) instability of the
Hagen-Poisseuille (HP) flow with respect to extremely small by magnitude axially-symmetric disturbances of the tangential component of the velocity field is obtained. The disturbances necessarily shall have quasi-periodic longitudinal variability along the pipe axis that corresponds to the observed data.
Conclusion
We show that the obtained estimate of value of Re th min corresponds to the condition of independence of the main result (on the linear instability of the HP flow when Re > Re th min ) from the procedure of averaging used in the Galerkin approximation. Thus, we obtain the possible natural mechanism for the blood swirling flows formations observed in the aorta and the large blood vessels. In [5] , it is shown that the conclusion on linear stability of the HP flow needs clarification since if instead of periodic to consider conditionally-periodic (quasi-periodic) disturbances, then already for finite Re it might happen linear (exponential, not algebraic [6, 7] ) instability of the HP flow.
In the present paper, we further develop the representation [5] within the framework of the new theory of linear instability of the HP flow. Meanwhile, contrary to [5] in particular we show a possibility of getting a threshold by Re condition of linear instability of the HP flow which does not depend on the procedure of averaging when using Galerkin approximation (necessary because of consideration of longitudinal quasi-periodicity of disturbances).
Materials and methods
Let's consider evolution in time of axially symmetric extremely small by magnitude hydrodynamic disturbances of the tangential component of the velocity field Where: with constant density ρ of the uniform fluid. In (1) ∆ is Laplace operator.
Due to assumed axial symmetry of the extremely small disturbances ϕ
for small disturbance of the pressure field p in the right-hand side of (1)). Meanwhile, (1) allows closed description of evolution of pure tangential disturbances of the HP flow.
Let's find solution of equation (1) in the following form A have the same pure periodic character of variability along the pipe axis. It is not difficult to check that from the condition of solvability of uniform system (6), (7) there may be obtained the well-known conclusion [1] [2] [3] [4] on linear stability of the HP flow since in that case it is found that for any Re , 0 1 < λ .
Results
Considering the quasi-periodic variability of ϕ V along the pipe axis for β α ≠ in (5), we use Galerkin approximation to solve the system (6), (7) . Meanwhile, let's average (6) γ is the modulus of 1 γ ). The equation (7) is averaged applying to (7) the same as in (6) (7), not to (6), as it was done above; and vice versa, we apply to (6) the operation of averaging applied above for averaging of the equation (7)), then, in the dispersion equation, value of g is replaced by g / 1 .
We require that the conclusion on the stability of the HP flow should not depend on the pointed difference in the averaging procedure conducting that is possible only when pressure are already mutually cross-linked. This growth also produces the spiral type of the resulting flow. Indeed, for the flow of blood, the arising of spiral structure is observed in the aorta in a wide range of Re number and not only for very high values of the latter [8, 9] . The results of this paper are also published in [10] .
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